Introduction
============

Pancreatic cancer (PC) is one of the most highly malignant cancers, with a mean 5-year survival rate of \<9% in the United States ([@b1-ol-0-0-11691],[@b2-ol-0-0-11691]). According to a previous report, PC is responsible for \~227,000 deaths annually worldwide due to its high recurrence rate, asymptomatic onset and \<5% resectable localized tumors ([@b3-ol-0-0-11691]). Unfortunately, early diagnostic and effective treatment strategies are lacking for PC and there is an urgent need to explore diagnostic tools with high sensitivity, specificity and repeatability ([@b4-ol-0-0-11691]). Thus, there is an urgent need to investigate the underlying molecular mechanisms of PC and identify novel diagnostic biomarkers for the disease. Identifying a minimally invasive/non-invasive and sensitive diagnostic method has recently become a popular topic of research and there has been some progression in the study of serum markers ([@b5-ol-0-0-11691],[@b6-ol-0-0-11691]). Further elucidation of the associated biological processes involved is crucial as it may uncover novel potential biomarkers for early diagnosis of PC.

MicroRNAs (miRNAs) are 18--22 nucleotides in length, endogenous non-coding single-stranded RNAs that regulate gene expression by binding to the 5′ or 3′-untranslated regions post-transcriptionally or to the open reading frames ([@b7-ol-0-0-11691],[@b8-ol-0-0-11691]). mRNA or protein is degraded or translation suppressed by miRNAs through this interference process ([@b9-ol-0-0-11691]). Numerous studies have demonstrated that miRNAs are involved in a variety of malignancies, such as PC, lung, breast and prostate cancer ([@b10-ol-0-0-11691]--[@b12-ol-0-0-11691]). In particular, the clinical applications of miRNAs have been investigated as biomarkers for early diagnosis and treatment of tumors, clinical response and histological classification ([@b13-ol-0-0-11691]). Due to the repeatability and ease of sample collection, circulating miRNAs are currently being investigated as non-invasive biomarkers in the early diagnosis of different types of cancer ([@b14-ol-0-0-11691]). Valadi *et al* ([@b15-ol-0-0-11691]) first extracted and verified miRNAs in exosomes, and demonstrated that exosomes are secreted by different types of cells and may be used for transporting proteins, mRNAs and miRNAs to target cells. The study of miRNAs in exosomes is becoming a new research focus. Furthermore, it was revealed that exosomal (ex)-miRNAs may play crucial roles in biological processes such as tumor progression, cell proliferation, invasion, metastasis, apoptosis and differentiation ([@b16-ol-0-0-11691]--[@b19-ol-0-0-11691]), and may be of value as novel serum biomarkers for the early diagnosis of cancer, such as PC.

Exosomes originate from internal multivesicular bodies and are membranous vesicles with a diameter of 30--120 nm ([@b20-ol-0-0-11691],[@b21-ol-0-0-11691]). Exosomes have been identified in serum, plasma, breast milk and other human bodily fluids ([@b22-ol-0-0-11691]). Recent findings have reported that ex-miRNAs contain miRNA, mRNA and cell-specific proteins, and have been used as diagnostic biomarkers in tumor cells as they may reflect genetic information and molecular signatures of the various cells of origin ([@b23-ol-0-0-11691]--[@b25-ol-0-0-11691]). Tumor cell derived exosomes contain tumor-specific miRNAs and their roles are emerging in malignant progression ([@b26-ol-0-0-11691]). However, to the best of our knowledge, the role of circulating ex-miRNAs in PC has not yet been extensively investigated.

Previous studies have demonstrated that miRNA-21 and miRNA-210 are associated with a poor prognosis in PC; however, the findings of these studies were based on tumor tissues and a small sample size limited their clinical significance ([@b27-ol-0-0-11691],[@b28-ol-0-0-11691]). Furthermore, there are currently few reports on the significance of circulating ex-miRNAs as diagnostic markers of PC ([@b29-ol-0-0-11691]--[@b31-ol-0-0-11691]). The aim of the present study was to investigate the diagnostic relevance of two circulating serum ex-miRNAs, miRNA-21 and miRNA-210 as novel serological biomarkers for PC.

Materials and methods
=====================

### Patients

A total of 40 patients at the Renmin Hospital of Wuhan University (Wuhan, China) were enrolled between March 2018 and August 2019 in the present study and their clinicopathological characteristics were evaluated. Among the patients, 30 had PC and 10 had CP. A diagnosis of PC was made by pathology or cytology, while a diagnosis of chronic pancreatitis (CP) was made by pathology or clinical criteria based on the World Health Organization Classification of Tumours of the Digestive System ([@b32-ol-0-0-11691]). The enrollment criteria included subjects who had not received neoadjuvant chemoradiotherapy. Patients were excluded if the diagnosis of PC was not pathologically confirmed. Cases were staged according to the modified European Neuroendocrine Tumor Society Tumor-Node-Metastasis (TNM) staging system ([@b33-ol-0-0-11691]). The serum ex-microRNAs in patients with PC were detected prior to surgical resection. The study protocol was approved by the Ethics Committee of Renmin Hospital of Wuhan University (approval no. 20180212; Wuhan, China). Written informed consent was provided by all patients.

### Isolation and identification of exosomes from the serum of patients with PC

Blood samples (5--6 ml) were collected from all patients and centrifuged at 500 × g for 5 min at 4°C. The supernatants were preserved at −80°C until further use. Exosomes were isolated from serum samples using the Exosome extraction kit (System Biosciences). Briefly, 500 µl of serum was mixed with 120 µl ExoQuick solution and incubated at 4°C for 30 min. The mixed solution (ExoQuick/serum) was centrifuged at 12,000 × g for 2 min. for obtaining exosome pellets. Transmission electron microscopy (TEM; cat. no. HT7800; Hitachi High-Technologies Corporation; HC mode, ×200-200,000; HR mode, ×4,000-600,000; LowMag mode, ×50-1,000) was used to visualize and verify the exosomes that were extracted from the serum. The nanoparticle size distribution and concentration of vesicles were analyzed on the NanoSight LM10-HS instrument (NanoSight, Ltd.) using NTA 3.0 software ([@b34-ol-0-0-11691]).

### Western blotting

The exosomes marker proteins were detected by western blotting. Total protein of exosomes was extracted with a cell lysis buffer (cat. no. 9803; Cell Signaling Technology, Inc.) supplemented with 1 mM protease inhibitor cocktail (cat. no. 5871; Cell Signaling Technology, Inc.). Equal amounts of extracted protein (0.5 µg/lane) were separated by 10% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes (Thermo Fisher Scientific, Inc.). The blots were blocked with 5% non-fat milk at 37°C for 2 h prior to incubation overnight at 4°C with primary antibodies anti-cluster of differentiation (CD)63 (1:500; cat. no. ARG57952; Arigo Biolaboratories, Corp.), antitumor susceptibility gene (TSG)101 (1:1,000; cat. no. ab125011; Abcam) and anti-CD81 (1:500; cat. no. MA1-10290; Thermo Fisher Scientific, Inc.). GAPDH (1:5,000; cat. no. AF7021; Affinity Biosciences) was used as the internal loading control. The blots were incubated with horseradish peroxidase-conjugated anti-IgG secondary antibodies (1:5,000; cat. no. ANT022; Wuhan AntGene Biotechnology Co., Ltd.) at room temperature for 2 h, and subsequently developed using an enhanced chemiluminescence kit (cat. no. 34095; Thermo Fisher Scientific, Inc.) and semi-quantified using the Quantity One software version 4.62 (Bio-Rad Laboratories Inc.).

### miRNA extraction

miRNA extraction from the isolated exosomes was performed using a miRNeasy Mini kit (Qiagen GmbH) according to the manufacturer\'s instructions. The final volumes of RNA were standardized by dilution with 30 µl nuclease-free water (cat. no. ST876; Beyotime Institute of Biotechnology). The RNA concentration in 2 µl was quantified using a Microvolume UV--Vis Spectrophotometer (cat. no. ND-ONE-W; Thermo Fisher Scientific, Inc.).

### Measurement of miRNA levels using reverse transcription-quantitative (RT-q) PCR

In order to investigate ex-miRNAs, miRNA-21 and miRNA-210 were selected ([@b34-ol-0-0-11691],[@b35-ol-0-0-11691]). Total RNA extraction from the isolated exosomes was performed as aforementioned. The RNA was reverse-transcribed using the TaqMan MicroRNA Reverse Transcription kit (Qiagen GmbH) at 37°C for 60 min and 94°C for 5 min. qPCR was performed using the TaqMan miRNA kit according to the manufacturer\'s protocol (Qiagen GmbH) and Cq values were calculated. The primers used were as follows: miR-21 forward, 5′-CGCTAGCTTATCAGACTG-3′ and reverse, 5′-GAGCAGGCTGGAGAA-3′; miR-210 forward, 5′-ACACTCCAGCTGGGCTGTGCGTGTG-3′ and reverse, 5′-CAACTGGTGTCGTGGAGTCG-3′. PCR amplifications were performed in triplicate for each sample. The thermocycling conditions used were as follows: 95°C for 15 min, followed by 45 cycles at 94°C for 15 sec and finally 55°C for 30 sec. The relative miRNA expression values were normalized to cel-miR-39 ([@b36-ol-0-0-11691],[@b37-ol-0-0-11691]) and calculated using the 2^−ΔΔCq^ method ([@b38-ol-0-0-11691]).

### Statistical analysis

Data were statistically analyzed using SPSS version 20.0 (IBM Corp.). Data are presented as the median (interquartile range) or n (%) values as appropriate. The association between miRNA expression levels and clinicopathological features was examined by χ^2^ or Fisher\'s exact test. Comparisons of continuous data were made using the unpaired Student\'s t-test. The optimal cut-off was established as the mean threshold or critical value that maximized the sum of sensitivity and specificity using time-dependent receiver operating characteristic (ROC) curves and the areas under curves (AUC). The diagnostic value of the candidate miRNAs was evaluated by calculating specificity and sensitivity. The cut-off points were determined using the Youden index and were 0.09 and 0.0012 for miRNA-21 and miRNA-210, respectively. AUCs for miRNAs and CA19-9 were compared using Z tests. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Patient characteristics

Clinicopathological characteristics of the patients are presented in [Table I](#tI-ol-0-0-11691){ref-type="table"}. The mean age was 62 years for patients with PC and 50.5 years for patients with CP. The median diameter of the tumor was 4.2 cm in patients with PC (data not shown). The mean level of serum carbohydrate antigen (CA) 19-9 was significantly higher in patients with PC compared with patients with CP (P\<0.05), whereas no statistically significant differences were observed in sex or age ([Table I](#tI-ol-0-0-11691){ref-type="table"}).

### Identification of circulating serum exosomes

Exosomes were collected and observed using TEM ([Fig. 1A and B](#f1-ol-0-0-11691){ref-type="fig"}) in accordance with the characteristics of exosomes previously described ([@b39-ol-0-0-11691]). Numerous small vesicles were observed by a NanoSight in the range of 50--100 nm and the size and overall concentration were \~93 nm and 1.3×10^9^ particles/ml, respectively ([Fig. 1C](#f1-ol-0-0-11691){ref-type="fig"}). Known exosome-specific markers, such as CD63, CD81 and TSG101 were identified in the vesicles by western blotting, and the exosome vesicles obtained from patients with PC were compared with those from patients with CP; it was observed by western blot analysis that the expression of these markers in patients with PC was stronger than that in patients with CP ([Fig. 1D](#f1-ol-0-0-11691){ref-type="fig"}).

### Expression level of serum ex- and serum fr-circulating miRNAs in patients with PC and CP by RT-qPCR

The expression levels of serum ex-miRNA-21 and miRNA-210 were significantly higher in patients with PC (P\<0.01; [Fig. 2](#f2-ol-0-0-11691){ref-type="fig"}). There was a significant difference between the AUC values for ex-miRNA-21 and fr-miRNA-21 (P=0.003; [Fig. 3A](#f3-ol-0-0-11691){ref-type="fig"}). Similarly, there was a significant difference between the AUC values for ex-miRNA-210 and fr-miRNA-210 (P=0.009; [Fig. 3B](#f3-ol-0-0-11691){ref-type="fig"}).

### Comparison of the diagnostic values of ex-miRNAs, serum circulating miRNAs and CA19-9 quantitation

Diagnostic values of serum circulating free or exosomal miRNA-21 and miRNA-210 were investigated. The AUC values for ex-miRNA-21 and ex-miRNA-210 levels were significantly higher compared with those for serum CA19-9 levels (both P=0.038; [Fig. 3C and D](#f3-ol-0-0-11691){ref-type="fig"}). The cut-off values for ex-miRNA-21 and ex-miRNA-210 levels were determined and used to stratify patients into two groups (positive or negative) for each ex-miRNA. The accuracy of ex-miRNA-21 (83%) and ex-miRNA-210 (85%) were superior compared with serum fr-miRNA-21 (73%) and fr-miRNA-210 (78%) ([Table II](#tII-ol-0-0-11691){ref-type="table"}). When combining the results of ex-miRNA-21 and ex-miR-210, the accuracy, specificity and sensitivity were 90, 80 and 93%, respectively ([Table II](#tII-ol-0-0-11691){ref-type="table"}). Taking the positive results of either ex-miRNA-21/ex-miRNA-210 levels or serum cytology as the criterion for diagnosis of PC, the specificity of the combined test (with CA19-9) and sensitivity was 90% ([Table II](#tII-ol-0-0-11691){ref-type="table"}).

### Serum ex-miRNA-21 and miRNA-210 levels are associated with multiple prognostic factors of PC

Associations between the relative levels of these miRNA-21 and miRNA-210 and clinical characteristics were evaluated. High and low expression levels of miRNA-21 and miRNA-210 were based on the cut-off values of 0.09 and 0.0012, respectively. The expression levels of miRNA-21 and miRNA-210 were associated with the Tumor-Node (TN) stage ([@b31-ol-0-0-11691]), and the levels of these miRNAs were closely associated with advanced disease (P\<0.05) and other prognostic factors, including TN stage, age, treatment history, location, CA19-9, size of tumor and CRP, while they were not associated with sex and M stage ([Table III](#tIII-ol-0-0-11691){ref-type="table"}).

Discussion
==========

Recently, the abnormal expression of serum ex-miRNAs has emerged as a potential novel biomarker of tumor diagnosis and progression due to their stability in plasma/serum and their specific expression profiles which reflect the gene information and biological properties of tumor cells ([@b40-ol-0-0-11691],[@b41-ol-0-0-11691]). These serum ex-miRNAs may be used as non-invasive, specific and sensitive biomarkers for the diagnosis and prognosis of tumors ([@b42-ol-0-0-11691]). Alterations of circulating miRNAs have been investigated in patients with PC ([@b43-ol-0-0-11691]). However, studies on serum ex-miRNAs in PC are lacking. In the present study, the levels of fr- and ex-miRNA-21 and miRNA-210 were investigated in patients with PC.

Numerous studies have indicated that serum ex-miRNAs are associated with tumor-derived microRNAs and that these miRNAs may be of value as diagnostic biomarkers for cancer ([@b44-ol-0-0-11691],[@b45-ol-0-0-11691]). In the present study, compared with patients with CP, the expression levels of serum ex-miRNA-21 and miRNA-210 were significantly higher in patients with PC. In contrast, the expression levels of serum fr-miRNA-21 and miRNA-210 did not differ significantly between patients with CP and PC. Whole circulating peripheral blood contains other miRNAs in addition to ex-miRNAs, which are easily degraded probably because these miRNAs are not enclosed in exosomes ([@b46-ol-0-0-11691],[@b47-ol-0-0-11691]). In the present study, it was hypothesized that ex-miRNAs rather than serum fr- miRNAs were preferable and may serve as new biomarkers for PC. In fact, serum ex-miRNAs originating from tumor-derived miRNAs may be used as novel diagnostic biomarkers ([@b48-ol-0-0-11691]). In addition, ex-miRNAs in the serum or plasma and other bodily fluids may be more stable and valuable as biomarkers for PC detection compared with serum fr-miRNAs.

miRNA-21 is upregulated in different types of tumors, such as esophageal squamous cell carcinoma and breast, lung and liver cancer, and targets tumor-suppressive mRNAs ([@b49-ol-0-0-11691],[@b50-ol-0-0-11691]). It was demonstrated that overexpression of serum ex-miRNA-21 was diagnostic of pancreatic ductal adenocarcinoma ([@b51-ol-0-0-11691]). In contrast, miRNA-210 acts as an oncogene, and has been demonstrated to be upregulated in various types of tumors compared with adjacent normal tissues contributing to the progression and development of various cancers, including lung cancer and PC via different signaling pathways, including the NF-κB, hypoxia and Akt- and p53-dependent signaling pathways ([@b52-ol-0-0-11691],[@b53-ol-0-0-11691]). The possible clinical application of miRNA-210 in diagnosing and detecting different types of cancer, such as PC, breast, lung and colorectal cancer, was previously investigated ([@b54-ol-0-0-11691]). In addition, the serum levels of miRNA-210 were previously found to be induced under hypoxic conditions and linked to adverse prognosis in some types of cancer, including colon and breast carcinoma, esophageal adenocarcinoma and liver cancer ([@b55-ol-0-0-11691]), as a hypoxic environment is common in PC ([@b56-ol-0-0-11691],[@b57-ol-0-0-11691]), it may be worth investigating the potential diagnostic value of serum ex-miRNAs for patients with PC. The analysis of ex-miRNA-21 and miRNA-210 levels among circulating serum miRNAs may represent a feasible strategy for PC diagnosis. It may be inferred that ex-miRNAs in the serum directly reflect the properties of tumor cells, as well as various diseases as the quantity and content of exosomes may be reflective of the pathophysiological state of the cells ([@b58-ol-0-0-11691]).

In the present study, the potential diagnostic value of serum ex-miRNAs was compared with the serum levels of CA19-9. Ex-miRNA-21 and miRNA-210 levels may be a new diagnostic or therapeutic target for early PC, while CA19-9 levels remained within the normal range. The sensitivity of the serum test was increased to 90% when combining positive results for ex-miRNA-21 and miRNA-210 levels with serum CA19-9 levels, while the specificity remained 90%. The findings of the present study revealed the favorable sensitivity and specificity of circulating fr-miRNA-21 and miRNA-210 for the diagnosis of PC, which was consistent with other findings that the high levels of serum/plasma miR-21 and miR-210 could be used as biomarkers for PC ([@b59-ol-0-0-11691],[@b60-ol-0-0-11691]). However, in the present study PC-associated secreted ex-miR-21 and miR-210 may have clinical relevance in early detection; higher sensitivity, specificity and accuracy compared with serum fr-miRNA. Exosomes are highly heterogeneous and likely reflect the phenotype of the cell that generate them ([@b61-ol-0-0-11691]). Similar to cells, exosomes are composed of a lipid bilayer, this structure offers high stability in body fluids, making exosomes highly attractive targets for diagnostic markers ([@b62-ol-0-0-11691]). Serum exosomes are a valuable tool and different methods may be used to investigate their components, which may lead to more accurate, sensitive, cost-effective, and high-throughput diagnoses ([@b63-ol-0-0-11691]). The present study demonstrated that the serum ex-miRNA-21 and miRNA-210 levels were closely associated with disease state and other prognostic factors, and that they may be used for early diagnosis and prediction of prognosis non-invasively. These data collectively revealed that these serum exosomal miRNAs are potential valuable biomarkers for the diagnosis, screening and prognosis of PC.

The limitations of the present study included the small sample size, which may affect the diagnostic value of exosomal miRNAs. In addition, the expression level of serum ex-miRNAs was not compared between normal controls and PC tissues i.e., the lack of healthy controls to compare with patients with PC and CP, and the western blotting data was only qualitative rather than quantitative. The obvious advantage of ex-miRNAs compared with circulating fr-miRNA for the diagnosis of PC will be investigated in depth in future studies. The mechanisms regulating transfer of ex-miRNAs from tumor cells into the blood is rarely reported, while the association between serum and tissue levels of ex-miRNAs should be a focus of future research. In addition, exosomal miRNAs in the plasma, pancreatic juice, bile, urine, saliva, breast milk and other bodily fluids have not yet been investigated as diagnostic biomarkers and will be examined in future studies. Another limitation of the present study was that the level of change of circulating ex-miRNAs was not examined before and after treatment in patients with PC. Finally, the effect of the degree of circulating ex-miRNA expression on disease progression, tumor cell metastasis and overall survival cannot be concluded from the results of the present study due to the small number of patients with PC and the short follow-up period; this limitation must be addressed by future studies.

The present study demonstrated that serum ex-miRNA-21 and miRNA-210 levels distinguished effectively between patients with PC and those with CP. Furthermore, the combination of ex-miRNAs with CA19-9 was more specific and sensitive compared with serum tests alone for the diagnosis of PC. These findings indicate that circulating ex-miRNAs, miRNA-21 and miRNA-210, may be potential novel biomarkers and therapeutic targets for PC. In addition, the quantitation of ex-miRNAs may be used as a clinical examination for further confirmation of diagnosis. Further investigation of a large number of cases is needed to determine the potential diagnostic, prognostic and clinical value of miRNA-21 and miRNA-210 in patients with PC.
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![Transmission electron microscopy, NanoSight and western blot analysis were used to examine circulating serum exosomes. (A and B) Exosomes are represented as small vesicles in the serum imaged using transmission electron microscopy with the negative stain method. (C) Exosomes isolated from serum were analyzed using a NanoSight. The particle size distribution and concentration were 93 nm and 1.3×10^9^ particles/ml, respectively. (D) Exosomes extracted from serum were analyzed by western blotting using anti-CD63, -CD81 and -TSG101 antibodies. CD63, CD81 and TSG101 were present in the exosomes. PC, pancreatic cancer; CP, chronic pancreatitis; CD, cluster of differentiation; TSG, tumor susceptibility gene.](ol-20-02-1432-g00){#f1-ol-0-0-11691}

![Expression level of miRNA-21 and miRNA-210 in the serum of patients with PC and CP. Compared with patients with CP, the expression levels of Ex-miRNA-21 and Ex-miRNA-210 were significantly higher in patients with PC. \*P\<0.01. CP, chronic pancreatitis; PC, pancreatic carcinoma; Ex-miRNA, exosomal microRNA; Fr-miRNA, free microRNA; cel, cellular.](ol-20-02-1432-g01){#f2-ol-0-0-11691}

![Receiver operating characteristic curve analysis was performed to distinguish the diagnostic value of miRNA and serum CA19-9. (A) Diagnostic value of Ex-21 levels compared with levels of Fr-21, with AUC values of 0.869 and 0.696, respectively. (B) Diagnostic value of Ex-210 level compared with levels of Fr-210, with AUC values of 0.823 and 0.650, respectively. (C) Diagnostic value of Ex-21 level and CA19-9 level, with AUC values of 0.869 and 0.758, respectively. (D) Diagnostic value of Ex-210 level and CA19-9 level, with AUC values of 0.823 and 0.758, respectively. AUC, area under the curve; Ex-21, exosomal miRNA-21; Ex-210, exosomal miRNA-210; Fr-21, free-miRNA-21; Fr-210 free-miRNA-210; CA19-9, carbohydrate antigen 19-9.](ol-20-02-1432-g02){#f3-ol-0-0-11691}

###### 

Comparison of mean values of age, sex, location, stage, T factor and CA19-9 levels between patients with PC and CP.

  Characteristics                                                               PC                     CP                  P-value
  ----------------------------------------------------------------------------- ---------------------- ------------------- ----------------------------------------------------
  Mean age (range), years                                                       62.0 (30--80)          50.5 (34--80)       0.17
  Sex, male/female, n                                                           18/12                  8/2                 0.64
  Location, head/body/tail, n                                                   12/8/10                --                  NA
  Stage^[a](#tfn1-ol-0-0-11691){ref-type="table-fn"}^, 0/IA/IB/IIA/IIB/III/IV   1/0/1/4/14/2/8         --                  NA
  T factor, cis/1/2/3/4                                                         1/1/4/20/4             --                  NA
  Mean CA19-9 (range), U/ml                                                     104.3 (0.5--15,00.0)   15.0 (4.0--100.5)   0.01^[b](#tfn2-ol-0-0-11691){ref-type="table-fn"}^

TNM staging system ([@b33-ol-0-0-11691]).

P\<0.05. Student\'s t-test and χ^2^ test were used for statistical analysis. PC, pancreatic carcinoma; CP, chronic pancreatitis; CA19-9, carbohydrate antigen 19-9; T, tumor; NA, not applicable.

###### 

Diagnostic value of Ex-miR or serum Fr -miRNA21 and -miRNA210 level for patients with PC calculated via receiver operating characteristic curve analysis.

  Ex-miR              TP, n   FN, n   FP, n   TN, n   Sensitivity, %   Specificity, %   Accuracy, %   PPV, %   NPV, %
  ------------------- ------- ------- ------- ------- ---------------- ---------------- ------------- -------- --------
  Ex-miR-21           24      6       1       9       80               90               83            96       60
  Ex-miR-210          25      5       1       9       83               90               85            96       64
  Ex-miR-21/210       28      2       2       8       93               80               90            93       80
  Fr-miR21            22      8       3       7       73               70               73            88       47
  Fr-miR210           23      7       2       8       76               80               78            92       53
  Ex-miR-21/CA19-9    27      3       1       9       90               90               90            96       75
  Ex-miR-210/CA19-9   27      3       1       9       90               90               90            96       75

TP, true positive; FN, false negative; FP, false positive; TN, true negative; PPV, positive predictive value; NPV, negative predictive value; Ex-miR, exosomal microRNA, Fr-miR, free microRNA; PC, pancreatic carcinoma.

###### 

Associations between expression levels of both serum ex-miRNA-21 and ex-miRNA-210 level and clinical characteristics in patients with pancreatic cancer (n=30).

                                                                       Serum ex-miRNA-21 expression level           Serum ex-miRNA-210 expression level                                   
  -------------------------------------------------------------------- ------------------------------------ ------- ----------------------------------------------------- ------- ------- -----------------------------------------------------
  Age, \<60/≥60 years, n                                               5/7                                  7/11    0.060                                                 5/11    6/8     0.007^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  Male/female, n                                                       8/4                                  12/6    \>0.999                                               12/4    11/3    0.311
  Treatment history, No/Yes, n                                         10/2                                 15/3    0.046^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   9/7     8/6     0.026^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  Location, head/body/tail, n                                          5/3/4                                5/7/6   0.010^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   4/6/6   3/5/6   0.004^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  Size of tumor, \<5/≥5 cm, n                                          7/5                                  10/8    0.038^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   10/6    8/6     0.016^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  ^[b](#tfn5-ol-0-0-11691){ref-type="table-fn"}^T stage, 1--2/3-4, n   4/8                                  7/11    0.011^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   16/0    12/2    0.006^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  ^[b](#tfn5-ol-0-0-11691){ref-type="table-fn"}^N stage, 0/1, n        9/3                                  17/1    0.030^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   8/8     7/7     0.020^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  ^[b](#tfn5-ol-0-0-11691){ref-type="table-fn"}^M stage, 0/1, n        10/2                                 18/0    0.250                                                 14/2    11/3    0.201
  CA19-9, \<37/≥37, U/ml                                               7/5                                  10/8    0.016^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   7/9     10/4    0.018^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^
  CRP, \<10/≥10, mg/l                                                  4/8                                  10/8    0.020^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^   9/5     10/4    0.013^[a](#tfn4-ol-0-0-11691){ref-type="table-fn"}^

P\<0.05.

TNM stage was determined according to the European Neuroendocrine Tumor Society TNM staging system ([@b33-ol-0-0-11691]). Fisher\'s exact test and χ^2^ tests were used for statistical analysis. CA19-9, carbohydrate antigen 19-9; CRP, C-reactive protein; T, tumor; N, node; M, metastasis.
